Abstract. After the "O − C" technique is used to study the pulsation of the δ Scuti star VZ Cnc with the times of maximum light listed in the literature and a newlydetermined time based on new photometry for this star, some high-quality photometry light curves in the literature are analysed by the Fourier decomposition, showing that there are more than 2 frequencies in the pulsation of this star, which might be one possible explanation of the existence of the large scatter in the "O − C" diagram.
Introduction
The variability of VZ Cnc (HD 73857) was discovered by Whitney (1950) . Since then this star has been referred to as a RR Lyrae or a Cluster-Type variable (Joy & Wilson 1950; Guman 1955; Fitch 1955) , as a supershortperiod Cepheid (Berdnikov 1975) and as dwarf Cepheid (e.g., Percy et al. 1980 ) or δ Scuti-type variable (Cox et al. 1984; López de Coca et al. 1990 ). Ferro et al. (1994) refer to VZ Cnc as a large amplitude δ Scuti star. Fitch (1955) and Cox et al. (1984) identify two periodicities in the light variations of VZ Cnc: 0.17836376 and 0.1428041 days as the first and second overtone respectively. A beat period of 0.716292 days is also indicated.
With the observed times of maximum light and the "O − C" technique, many authors have studied the period variations of VZ Cnc (Todoran 1976; Percy et al. 1980; Jiang & Yang 1982; Cao & Jiang 1991; Ferro et al. 1994) . Four different interpretations are suggested by researchers as: a sloping linear fit, a sinusoidal fit, abrupt period changes, and long-term effects of nonlinear combinations of short frequencies. However, due to the large scatter in the (O − C) residuals, it is difficult to favor a Send offprint requests to: J.-N. Fu case although the latter two possibilities are regarded to be unrealistic by Ferro et al. (1994) .
New observations and data reduction
As a new attempt to study its possible period variation by the "O − C" technique, photometry on VZ Cnc was made at Xinglong station of Beijing Astronomical Observatory with a 60 cm reflector plus a CCD camera on December 19, 1995. The filter used was a Johnson V . After careful extinction correction on the raw magnitudes of the variable star, one new time of maximum light is determined thus: T max = HJD 2450071.2820. This new time is combined with the times listed in the literature and 138 times of maximum light are collected and then listed in Table 1 .
Besides this, some high-quality observation data for VZ Cnc are collected from the literature. Table 2 lists the journal of these observations.
"O − C" calculation
The "O − C" calculation for the collected times of maximum light of VZ Cnc was performed with the computer program OMC (Fu et al. 1998 ). First, a linear fit is made by the formula of C l = T 1 + P 1 E. The results of fitting are: T 1 = HJD 2431550.7187, P 1 = 0.178363665 days, and σ 1 = 0.0062 days. Then, a quadratic curve is used to fit the times as C Q = T 2 +P 2 E +0.5βE
2 . The fitting parameters are: T 2 = HJD 2431550.7199, P 2 = 0.178363585 days, β = 7.9 10 −13 days/cycle, and σ 2 = 0.0062 days. The (O−C) l diagram and the fit curve using the quadratic function are shown in Fig. 1 .
From Fig. 1 , it may be found that the "O−C" calculation does not provide reasonable explanation on the period variation of VZ Cnc with the existence of large scatter for the fitting, and there may be more frequencies in the pulsation of this star since large scatter is present even in one observation season. In this case, the high-quality observation data sets listed in Table 2 are used to do multiple frequency analysis to study the pulsation of VZ Cnc.
Multiple frequency determination

Multi-frequency analysis
Among the data sets listed in Table 2 , VZ2a, VZ2b, VZ2c have few points and VZ4a, VZ4b, VZ4c, although they include more measurements, show mainly increasing segments with few decreasing parts (see Fig. 7 ), which are not available to deep multiple frequency analyses due to the artificial sampling effect. So the data set VZ1 and VZ3 are used to do Fourier transformation. The multiple-frequency analyses were performed with the computer program MFA (Hao 1991) . After the nonequal spacing Fourier transformation (Deeming 1975 ) was done, the highest power peak was chosen automatically, or the peak was chosen by hand, then both linear and nonlinear least square fits (Hao 1991 ) were used to determine the best frequency and corresponding amplitude and phase. The data were then prewhitened with that frequency and the process repeated to search for the next frequency automatically.
Step by step, the best frequencies and fit results were obtained. To check the reliability of the results, the theoretical light curves were calculated using the following formula, where t 0 is the beginning time; A i , the amplitude; and φ i , the phase. The result of the analysis provides the multiplefrequency solution and the residual, as well as various power spectra where the best multiple frequency fits have been prewhitened. The analysis results on data set VZ1 and VZ3 are listed in Tables 3 and 4 . Figures 2 and 3 show the spectral windows and power spectra of VZ1 and VZ3, respectively. In Figs. 4 and 5, the observation points and fit light curves of VZ1 and VZ3 are shown respectively. The residuals of VZ1 and VZ3 after 6 frequency fittings are 0.021 mag and 0.027 mag, respectively.
Fit to other data sets
As mentioned above, the other data sets are not suitable to do independent multiple-frequency analysis. So the 6 frequencies obtained from the analysis for VZ1 Fig. 4 . Observation points and fit curves of VZ1. The abscissa is HJD 2449000.0+, while the ordinate is V (mag) Fig. 5 . Observation points and fit curves of VZ3. The abscissa is HJD 2436000.0+, while the ordinate is V (mag) Fig. 6 . Observation points and fit curves of VZ2a. The abscissa is HJD 2430000.0+, while the ordinate is V (mag) Fig. 7 . Observation points and fit curves of VZ4a. The abscissa is HJD 2433600.0+, while the ordinate is V (mag) Table 3 ) are used to do fitting on data set VZ2a, VZ2b, VZ2c and VZ4a, VZ4b, VZ4c. Table 5 lists the fitting results. Figures 6 and 7 show the observation points and corresponding fitting light curves for VZ2a and VZ4a, respectively. The agreement between the observations and the fitting curves for VZ2b, VZ2c and VZ4b, VZ4c, which are not displayed in this paper, is as good as those for VZ2a and VZ4a, respectively.
Discussion and conclusions
Studying carefully the frequency values in Table 3 , one may find that f 1 , f 3 correspond to the periods of 0.17836376 and 0.1428041 days which were identified by Fitch (1955) and Cox et al. (1984) , while f 6 corresponds to the beat period of 0.716292 days. However, more frequencies are proved to be present in the pulsation of VZ Cnc! We may find that f 2 ≈ 2f 1 , f 4 ≈ 3f 1 , and f 5 ≈ f 3 + f 1 , f 6 ≈ f 3 − f 1 . Thus, if we label f 1 as ν 0 = 5.6066 c/d and f 3 as ν 1 = 7.0022 c/d, the other frequencies can be marked in terms of ν 0 and ν 1 . The identification results are listed in the last column of Tables 3 and  4 within small errors. At the same time, it may be found that the frequencies ν 0 and ν 1 are usually associated with the first and second overtones of radial pulsation based on the similarity of their period ratio (0.801) to the theoretically expected value of 0.810. The analysis of the light curves of VZ Cnc also shows that the pulsation frequencies of this star are quite stable while the amplitudes are changing slightly from 1950 to 1993.
